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1F. The true Theory of the 'Tides, extra&ed from 
'hat admired Treatife of Mr. Sfaac Newton, 
Intituled, Philosophise Naturalis Principia 
Ivfathematica ; being a Difcourfe frefented 
with that Book^ to the late *. King James, by 
Mr. Edmund Hallcy. 

IT may, perhaps, feem flrange, that this Taper, being 
no other than a partite Account of a Book long fince 
pub lifted, and whereof a fuller Ext raft was given in 
Numb. 187. of thefe Tranfatlions, fpould again appear 
here ; hut the Defires of fever al honourable Perfons, which 
could not bewithfiood, have obliged us to infer t it here t 
for the fake of fitch, who being lejS knowing in Mathemati- 
cal Matters ; and therefore^ not daring to adventure on 
the Author himfelf, are notwithfianding, very curious to 
be informed of the Caufes of Things ; particularly of fo 
general and extraordinary Phaenomena.<z* are thofe of the 
Tides. Now this Taper having been drawn up for the late 
King James'.} Vfe, {inwhofe Reign the Book was publifhed) 
and having given good Satisfaction to thofe that got Copies 
of it ; it is hoped the Savans of the higher Form will in- 
dulge us this liberty we take to gratifie their Infer 'tours in 
point of Science ; and not be offended, that we here infiH 
more largely upon Mr. NewtonV Theory of the Tides, 
which, how plain and eafiefoever we find, is very little 
under fiood by the common Reader. 

The fole Principle upon which this Author proceeds 
to explain mod of the great and furprifing Appearances 
o\ Nature, is no other than that of Gravity, whereby in 
the Earth all Bodies have a tendency towards its Centre ; 
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as is moil evident : and from undoubted Arguments its 
proved, that there is fuch a Gravitation towards the 
Centre of the Sun, Moon, and ail she Plants. 

From this Principle, as a necefTary Conference, fol- 
lows the Spherical Figure of the Eirthand Sea, and of 
all the other Cxleftial Bodies : and tho' the tenacity 
and firmnefs of the Solid Parts, fupport the Inequalities 
of the Land above the Level; yet the Fluids, pre/ling 
equally and eafiiy yielding to each other, Coon reftorc 
the /Equilibrium, if difturbed, and maintain the exact 
Figure of the Globe. 

Now this force of Defcent of Bodies towards the Cen- 
ter, is not in all places alike, but is ftill lefs and lei's, as 
the diftance of the Center encreafes : and in this Book 
kisdemonftrated.that this Force decreases as the Square 
of the diflanceincreafes; that is, the weight of Bodies 
and the force of their Fall is lefs, in parts more remo- 
ved from the Center, in the proportion of the Squares 
of the Diftance. So as for Example, a Ton weight on 
the Surface of the Earth, if it were raifed to the 
height of 4000 Miles, which I fuppofe the femidiami- 
rer or* the Earth, would weigh but f of a Ton, or $ 
Hundred weight : if to nooo Miles, or 3 {emidiame* 
ters from the Surface, that is 4 from the Center, it 
would weigh but I, part of the Weight on the Surface, 
or a Hundred and Quarter: So that it would be as eafe 
for the Strength of a Man at that height to carry a 
Ton weight, as here on the Surface a 100 1 And in 
the fame Proportion does the Velocities of the fall of 
Bodies decreafe: For whereas on the Surface of the 
Earth all things fall 16 Foot in afecond, at one femidt- 
ameter above this Fall is but 4 Foot ; and at 3 femidis- 
meters, or 4, from the Centre, it is but h of the Fall 
at the Surface, or but one Foot in a fecond : And at 
greater Diftances both Weight and Fall become very 
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fmall, but yet at all given Diftances is fiili foftie thing, 
tho' the Efredfc become infcnfible. At the diftance of 
the Moon (which I will fuppofe 60 Semidiameters of 
the Earth) 3600 Pounds weigh but one Pound, and 
the fall of Bodies is but T j.* ? of a Foot in a tecond, or 
16 Foot in a minute j thac is, a Body fofar offdefcends 
in a Minute no more than the fame at the Surface of the 
Earth would do in a Second of Time. 

As was faid before, the fame force decreafing after 
the fame manner is evidently found in the Sun, Moon, 
and all the Planets ; but more efpecially in the Sun, 
whofe Force is prodigious ; becoming fenfible even in 
the immente diftance of Saturn : This gives room to 
fufpe£r, that the force of Gravity is in the Celeftid 
Globes proportional to the quantity of Matter in each 
of them : And the Sun being at leaft ten Thouland times 
as big as the Earth, its Gravitation or attra&ing Force, 
is found to be at leaft ten Thoufand times as much as 
that of the Earth, acting on Bodies at the fame diftances. 

This Law of the dccreafe of Gravity being demon- 
stratively proved, and put paft contradiction ,• the Au- 
thor with great Sagacity, inquires into the neceflary 
Confequences of this Suppofnion ; whereby he finds the 
genuine Caufe of the feveral Appearances in the Theo- 
ry of the Moon and Planets, and difcovers the hitherto 
unknown Laws of the Motion of Comets, and of the 
Ebbing and Flowing of the Sea. Each of which are 
Subjects that have hitherto taken up much larger Vo- 
lumes; but Truth being uniform, and always the fame, 
it is admirable to obferve how eafiiy we are enabled to 
make out very abftrufe and difficult Matters, when once 
true and genuine Principles are obtained : And on the 
other hand it may be wondred, that, notwithftanding 
the great facility of truth,and the perplexity and noncon- 
(equenccs that always attend erroneousSuppofitions.thefe 
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great Difcoveries ffiouM have efcaped the acute Dif- 
quifuions of the heft Philosophical Heads of all pafl: 
Ages, and be referved to thefe our Times. But that 
wonder will foon ceafe* if it be confidered how great 
Improvements Geometry has received in our Memory, 
and particularly, from the profound Difcoverksof our 
incomparable Author. 

The Theory of the Motion of the primary Planets 
is here (hewn to be nothing elfe, but the contemplation 
of the Curve Lines which Bodies call with a given Ve- 
locity , in a given Direction, and at the fame time 
drawn towards the Sun by its gravitating Power* would 
defcribe. Or, which is all one, that the Orbs of the 
Planets are fuch Curve Lines as a Shot from a Gun de- 
icribes'in the Air, being caft according to the direction 
of the Piece, but bent into a crooked Line by the fu. 
pervening Tendency towards the Earths Centre: And 
the Planets being fuppofed to be projected with a given 
Force, and attracted towards the Sun, after the afore- 
faid manner, are here proved to defcribe fuch Figures, 
as anfwer punctually to all that the Induftry ©f this 
and the laft Age has obferved in the Planetary Motions. 
So that it appears, that there is no need of foiid Orbs 
and Intelligences, as the Ancients imagined; nor yet of 
Mortices or Whirlpools of the Celeftial Matter, as Des 
Cartes fuppofes ; but the whole Affair is fimply and 
mechanically performed, upon the fole Supposition of 
a Gravitation towards theSun j which cannot be denied. 

The-Motionof Comets is here (hewn to be compound- 
ed of the fame Elements, and-not to differ from Pla- 
ners, but in their greater fwiftnefs, whereby overpow-* 
ering the Gravity that fhouldhold them to the Sun, as 
it doth the Planets, they flie off again, and diftance 
thernfelves from the Sun and Earth, fo that they foon 
are out of our fight. And the imperfeft Accounts and 
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©bfervations Antiquity 4ias left us, are not firf&cienrta ' 
determine whether the fame Comet ever return again. 
But this Author has (hewn how Geometrically to deter- 
mine the Orb of a Comet from Obfervations, and to 
find his diftance from the Earth and Sun, which was ne- 
ver before done. 

The third thing here done is the Theory of the- 
Moon, all the Inequalities of whofe Motion are proved 
to artfe from the lame Principles, only here the effect of 
two Centers operating on, or attracting a projected Bo- 
dy comes to be confidered ; for the Moon, tho* princi- 
pally attracted by the Earth, and moving round it, does, 
together with the Earth, move round the Sun once a 
Year, and is according as fhe is, nearer or farther from 
the Sun, drawn by him more or lefs than the Center of 
the Earthy about which fhe moves j . whence arife feve- 
ral Irregularities in her Motion, of all which, the Author 
in this Book, with no lefs Subtility than Induftry, has 
given a full Account. And tho' by reafbn of thegreat 
Complication of the Problem, he has not yet been able 
to make it purely Geometrical, 'tis to be hoped, that in 
fome farther Efiay hemay furmount the difficulty • and 
having perfected the Theory of the Moon, the long 
defired difcovery of the Longitude (which at Sea is on- 
ly pradicable this way) may at length be brought to 
light, to the great Honour of your Majefty and Advan- 
tage of your Subje&s. 

All the furprizingPhenomena of the Flux and Reflux 
of the Sea, are in like manner fhewn to proceed from 
the fame Principle ; which I defign more largely to infift 
on* fince the Matter of Faft is in this cafe much better 
known to your Majefty than in the foregoing. 

If the Earth were alone, that is to fay, not affected 
by the Actions of the Sun and Moon, it is not to be 
doubted, but the Ocean,, being. equally prefled by the 
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force of Gravity towards the Center, would continue 
in a perfect ftagnation, always at the lame height, with- 
out ever Ebbing or Flowing ; but it being here demon- 
flrated, that the Sun and Moon have a like Principle 
of Gravitation towards their Centers, and that the 
Earth is within the A&ivity of their Attractions, it 
will plainly follow, that the Equality of thepreffure of 
Gravity towards the Center will thereby be difturbed j 
and tho' the fmallnefs of thefe Forces, in refped of the 
Gravitation towards the Earths Center, renders them al 
together imperceptible by any Experiments we can de- 
vife, yet the Ocean being fluid and yielding to the Jeaft 
force, by its rifing (hews where it is lefs pteft, and where 
it is more preft by its finking. 

Now if we fuppofe the force of the Moons attraction 
to decreafe as the Square of the Diftance from its Center 
increafes (as in the Earth and other Celeftial Bodies) we 
ftiaif fiad,that where the Moon is perpendicularly either 
above or below the Horizon, either in Zenith or Nadir, 
there the force of Gravity is moft of all diminifhed, and 
confequently that there the Ocean muftnecefiarily fwell 
by the coming in of the Water from thofe parts where 
the PrefTure is greateft, viz. in thofe places where the 
Moon is near the Horizon : but that this may be the 
better underftood, I thought it needful to add the fol- 
lowing Figure, where j*f is the Moon, E the Earth, C 
its Centre, and 2. the place where the Moon is in the 
Zenith, N where in the Nadir. 
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Now by the Hypothefis it is evident, that the Water 
in 2, being nearer, is more drawn by the Moon, than 
the Center of the Earth C, and that agiin more tha 
the Water in N, wherefore the Water in £ has a ten- 
dency towards the Moon, contrary to that of Gravity, 
being equal to the Excefs of the Gravitation in Z, above 
chat in C : And in the other cafe, the Water in N, tend- 
ing lefs towards the Moon than the Center C, will be 
lets preiTtdjby as much as is the difference of the Gravi- 
tations towards the Moon in C and M. This rightly un- 
derflood, it follows plainly, that the Sea, which other- 
wife would be Spherical, upon the Preflure of the 
Moon, muft form it (elf into a Spheroidal or Oval Fi- 
gure, whofe longed Diameter is. where the Moon is 
Vertical, and fhortcft where {he is in the Horizon ; and 
that the Moon Shifting her Pofition as (he turns round 
the Earth once a day^ this Ovs! of Water fhifts with 
her, occafioning thereby the two Floods and Ebbs obfer- 
vable in each 15 Hours. 

And this may fuffice as to the general Caufe of the 
Tides ; it remains now to fbew how naturally this Mo- 
tion accounts for all the Particulars that has beenobferv- 
ed. about them ; Co that there cars be no room left to 
doubt, but that this is she true caufe thereof 

The Spring Tides upon the new and full Moons, and 
Neap Tides on the Quarters, are occafioned by the at- 
tractive. Force of the Sun in the New and Full, confpi- 
ring with the Attraction of the Moon, and producing 
a Tide by their united Forces : Whereas in the Quar- 
ters, the Sun raifes the Water where the Moon depref- 
(es it, and the contrary ; fo as the Tides are made en? 
ly by the difference of their AttracTions.That the force of 
the Sun is no greater in this cafe,proceeds from the very 
fmall Proportion the Semidiameter of the Earth bears to 
the vail diftance of the Sun. 

It 
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It is alfo oblerved, that ceteris paribus, they£qui- 
noclial Spring Tides in March and September, or near 
them, are theHigheft, and the Neap Tides the Loweft,,- 
which proceeds from the greater Agitation of the Wa- 
ters, when the fluid Spharoid relbives about a great 
Circle oi the Earth, than when it turns about in a teller 
Circle ,• it being plain, that if the Moon were coniHtu- 
ted in the Pole and there ftood,that the Sphseroid would 
have a fixt Pofition, and that it would be always high 
Water under the Poles, and low Water every where un- 
der they£quino&ial : and. therefore the nearer the Moon 
approaches the Poles, the lefs is the agitation of rheO- 
cean, which is of ail the greateft, when the Moon is 
in the Mqumo£tfo\ t or fartheft diftant from the Poles. 
Whence the Suh and Moon, being either conjoyned or 
oppofitein the ^quinoftial, produce the greateft Spring 
Tides ; and the fubfequent Neap Tides, being produced 
by the Tropical Moon in the Quarters, are always the 
Jeaft Tides ,• whereas in June and December, the Spring 
Tides are made by the Tropical Sun and Moon, and 
therefore left vigorous j and the Neap Tides by the M- 
quino&ial Moon, which therefore are the ftronger : 
Hence it happens, that the difference between the Spring 
and Neap Tides in thefe Months, is much left confider- 
able than in March and September. And the reafon 
why the very higheft Spring Tides are found to be ra- 
ther before the Vernal and after the Antumnal Equinox 
viz. in February and Oflober, than precifely upon them, 
is, becaufe the Sun is nearer the Earth in the Winter 
Months, and fo comes to have a greater Effecl in pro- 
ducing the Tides. 

Hitherto we have confidered fuch Afre&ions of the 
Tides as are Universal, without relation to particular Ca- 
fes,- what follows from the differing Latitudes of places, 
will beeafily undetftood by the following Figure. 

Let 
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Xet Ap E P be the Earth covered over with very 
deep Waters, C its Center, F, />, its Poles, A E the 
^Equinoctial, Z 7 / the parallel of Latitude of a place, 
£> d another Parallel at equal diftance on the other fide 
of the iEquino&ial, H h the two Points where the 
Moon,is vertical, and let Kk be the great Circle, where- 
in the Moon appears Horizontal. It is evident, that a 
Spheroid defcribed upon Hh t znd Kk (hall nearly repre- 




fent the Figure of the Sea, and Cf, C D, C F, Cd fall 
be the hightsof the Sea in the places/; D t F t d> in all 
which it is High-water : and teeing that in twelve Hours 
time, by the diurnal Rotation of the Earth, the point 
F is transferred to /*, and dto D: the hight of the Sea 
CF Will be that of the High-water when the Moon is 
prefent, and Cf that of the other High water, when 
the Moon is under the Earth : which in the cafe of this 
Figure is lefs than the former C P. And in the oppo- 
site Parallel D d the contrary happens. The Ruing of 
the Water being always alternately greater and lefs in 
each place, when it is produced by the Moon declining 
fenfibly from the ^Equinoctial ; that being the greateft 
of the two High-waters in each diurnal Revolution of 
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the Moon, wherein fhe approaches nesreft either to the 
Zenith or Nadir of the place : whence it is that the 
Moon in the Northern Signs, in this part of the World, 
makes the greateft Tides when above the Earth, and in 
Southern Signs, when under the Earth,- the Effect be- 
ing always tne greateft where the Moon is fartheftfrom 
the Horizon, either above or below it. And this alter- 
nate increafeand decreafe of the Tides has been obferv- 
ed to hold true on the Coaft of England, at Rriftol by 
Gapt. Sturtpy, and at Plymouth by Mr. Coleprejfe. 

But the Motions hitherto mentioned are fomewhat al- 
tered by the Libration of the Water, whereby, tho' 
the Aftion of the Luminaries mould ceafe, the Flux 
and Reflux of the Sea would for fbme time continue : 
This Confervation of the imprefled Motion diminiihes 
the differences that otherwife would be between two 
confequent Tides, and is the reafon why the higheft 
Spring Tides are not precifely on the new and full 
Moons, nor the Neaps on the Quarters ,• but general- 
ly they are the third Tides after chem, and fometimes 
later. 

All thefe things would regularly come to pals, if the 
whole Earth were covered with Sea very deep,* but by 
reafon of the fhoalnefs of feme places, and the narrow- 
nefs of the Streights, by which the Tides are in many 
cafes propagated, there arifes a great diverfity in the E£ 
fe& t and not to be accounted for, without an exa& 
Knowledge of all the Circumftances of the Places, as 
of the Pofition of the Land, and the Breadth and Depth 
of the Channels by which the Tide flows j for a very 
(low and imperceptible Motion of the whole Body of 
the Water, where it is (for example} a Miles deep, 
will fuffice to raife its Surface 10 or ix Feet in a Tides 
time ; whereas, if the fame quantity of Water were to 
be csnveyed upon a Channel of 40 Fathoms deep, it 
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would require a very great Stream to ef?e& it, in Co 
large Inlets as are the Channel of England and the Ger- 
man Ocean ; whence the Tide is found to fet ftrongeft 
in thoie places where the Sea grows narrowed ; the lame 
quantity of Water being to pafs through a (mailer Pa£ 
iage: This is moft evident in the 5 'freights, between 
Fortland and Cape de Hague in Normandy, where the 
Tide runs like a Siuce ; and would be yet more between 
Dover and Calis, if the Tide coming about the Ifiand 
from the North did not check ir. And this force being 
once imprefled upon the Water, continues to carry it 
about the level of the ordinary height in the Ocean, 
particularly where the Water meets a direft Obftacle, as 
it is at St. Malo's; and where it enters into a long Chan- 
nel,which running far into the Land.grows very fir eight 
at its Extremity j as it is in the Severn-Sea at Cbepftom 
and Brifiol. 

This fhoalnefs of the Sea and the intercurrent Con- 
tinents are the reafbn, that in the open Ocean the time 
of High-water is not at the Moons appulfe to the Meri- 
dian, but always fome Hours after it; as it is obferved 
upon all the Weft-Coaft of Europe and Africa, from Ire- 
land to the Cape of Good-Hope: In all which a S. W. 
Moon makes High-water, and the fame is reported to 
be on the Weft fide of America. But it would be erid- 
kfs to account all the particular Solutions, which are 
eafie Corollaries of this Hypothecs j as why the Lakes, 
fiich as the Cafpian Sea, and Mediterranian Seat, fuch as 
the Black Sea, the Streigbts and Baltick, have no (en- 
fible Tides: For Lakes having no Communication with 
the Ocean, can neither tncreafe nor diminifh their Wa- 
ter, whereby to rife and fall ; and Seas that communi- 
cate by fuch narrow Inlets, and are of fb immenfe an 
Extent,cannot in a few Hours time receive or empty Wa- 
ter enough to raifeor finktheirSurface any thing fenfibly. 

Yyy % Laftly, 
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Laftly, to demonftrate the excellency of this Do&rine^ 
the Example of the Tides in the Port of Tmking in Chi- 
na, which are fo extraordinary, and differing trom all. 
others we have yet heard of, may fuffice. In this Port 
there is but one Flood and Ebb in 24 Hours j and twice: 
in each Month, viz. when the Moon is near the ^Equi- 
noctial there is no Tide at all, but the Water is ftagnant $, 
hut with the Moons declination there begins a Tide, 
which is greateft when fhe is in the Tropical Signs: only* 
with this dif?erence,that when the Moon is to the North- 
ward of the^Equino&ial, it Flows when ftie is above the 
Earth, and Ebbs when ihe is under, fo as to make 
High- water at Moons-fetting, and Low-water at Moons- 
rifing: But on the contrary, the Moon being to the 
Southward, makes High-water at rifing and Low- water? 
ax fetting; it Ebbing all the time Ihe is above the Hori- 
zon. As maybe feen more at large in the Pbilofophkal 
Tranfaftion, Num. 16 2. 

The Caufe of this odd Appearance is propofed by 
Mr. Newton, to be from the concurrence of two Tides j 
the one propagated in fix Hours out of the great South- 
Sea along the Coaft of China ; the other out of the 
Indian Sea, from between the Iflands in twelve Hours, 
along the Coaft of Malacca and Cambodia, The one of 
thefe Tides,, being produced in North. Latitude, is, as 
has been faid, greater, when the Moon being to the 
North of the Equator is above the Earth, and lefs when 
(he is under the. Earth. The other of them, which is< 
propagated from the Indian-Sea, being' raifed in South 
Latitude, is greater when the Moon declining to the: 
South is above the Earth, and lefs when ftie is under the 
Earth : S<j that of- theft Tides alternately greater and. 
lefler, there comes always fucceflively two of the great- 
er and two of the lefler together every day j and the> 
Hig^-water .falls always between the times, of the. arri-> 
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val of the two greater Floods ; and the Low-water be 
tween the arrival of the two lefler Floods. And the 
Moon coming to the jfiquinoctial, and the alternate 
Floods becoming equal, the Tide ceafes and the Water 
Magnates : but when (he has pafled to the other fide of 
the. Equator, thofe Floods which in the former Order 
were the Ieaft, now becoming thegreateft, that that be- 
fore was the time of High- water now becomes the Low- 
Water, and the Convene. So that the. whole appear- 
ance of thefe ftrange Tides, is without any forcing na- 
turally deduced from thefe Principles, and is a great Ar- 
gument of the certainty of the whole Thmy. 



HI. An Account of a Child Bom alive with- 
out a Brain? and the Obfervables in it on 
Dijfi&iotr, by Dr. Charles Prefton. 

S I R, 

IN obedience to your Commands, and judging it 
will not be unacceptable, I have Collected the bell 
Account (in fp far as I can remember) of that extra- 
ordinary Birth, mentioned in the fourth Journal of the 
Progres de la Medicine, for the Month of Apf il, 169$. 
of which I had the fortune to be a Witnefs, and alfo the 
opportunity of examining more particularly : But in 
the firft place, I think it not amifs to relate the Story 
as it is given in by Monfieur Le Due, fworn Chirurge- 
onof Park, famous for his. Practice in Midwifery; and 
I hereafter (hall proceed to give a farther Hiftory of the 
thing, with all the Circumftances about it, and fhow 
wherein they are in a Miftake. 



